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Exam Winter Semester 2022

Additional permitted Aids

e non-programmable calculator,
e formulary (2 DIN A4 pages)

Hits

e The duration of the exam is 60 min.

e Attempts to cheat will lead to exclusion and failure of the exam.

Withdrawal is no longer possible after these exam has been handed out.

Please write down intermediate calculations and results on the assignment sheet. (when more
space is needed also on the reverse side. In this case: Mark it clearly).

Always use units in the calculation.

Use a document-proof, non-red pen.

Tasks

Exercise E1 Resistance of a Wire by Resistivity
(written test, approx. 6 % of a 60-minute written test, WS2022)

2. héwtingatingnelennead ésof sedl ich herae tivire weibhta actemdpencsse ofi ¢l 80usadhid GhdelBatric
BasHi power dissipation (= heat flow) of $P=40 ~\rm{W}$ is necessary.

Nadbudehe ke aomenbé | Blinked€d ranuperatioly. for heating elements.

The Nichrome wire has a resistivity of $1.10\cdot 10" {-6} ~\Omega \rm{m}s.

"he heating element is $3 ~\rm{m}$ long and has a diameter of $3.57 ~\rm{mm}S$.

olieDiadetion te fetrARa Wneordslimgiinlinett.

>olution
\begin{align*} P = U \cdot | = R \cdot 1™2 \quad \rightarrow \quad I=
\sqrt{\frac{P}{R}} = \sqrt{\frac{40 ~\rm{W}}{0.33 ~\Omega}} \end{align*}

\begin{align*} R &= \rho \cdot \frac{l} {A} && | \text{with } A =r"2 \cdot \pi =
\frac{1}{4} d~2 \cdot \pi \\ R &= \rho \cdot \frac{4 \cdot I} {d"~2 \cdot \pi} && \\ R &=
1.10\cdot 10" {-6} ~\Omega \rm{m} \cdot \frac{4 \cdot 3~\rm{m}}{(3.57\cdot

107 {-3}~\rm{m})~2 \cdot \pi} && \\ \end{align*}

Exercise E2 Temperature-dependent Resistance
(written test, approx. 6 % of a 60-minute written test, WS2022)

3. tRegitiieiadlinespibisw i atnes tsbeds ermetiy b etermise cen freditertaicod has a
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Refista receobEskiseenron (kdnxn €das an £x215ratiom {&}gour answer.

Its temperature coefficients are: $\alpha=0.01 ~{{1}\over{\rm{K}}}$ and $\beta=71 \cdot
10~ {-6}~{{1}over{\rm{K}~2}}$

Rfs mperature inside the refrigeration system can reach down to $-40 ~°\rm{C}$.

. CHiegiatéatign e fstandr DFthmiidn@megat det@ £Non{E} .

Resipmnetrahtfierrekstoic§Pendigydnitlof thécdotuit 2md gahe e heafRTheérisfore, a

ol Uit bralersiets binertight Reat up the refrigeration system.
Therefore, with constant $U$ and increasing $R$ the power decreases. Ten times more
resistance decreases the heat flow to one-tenth.

\begin{align*} R &= R_0 \cdot (1 + \alpha \cdot \Delta T + \beta \cdot \Delta T"2) && |
\text{with } \Delta T =T_{\rm end} - T_{\rm start}\\ R &= 10 ~\rm{k}\Omega \cdot
\left(1 + 0.01 ~{{1}Hover{\rm{K}}} \cdot (-40~°\rm{C} - 25~°\rm{C} ) + 71 \cdot
10~ {-6}~{{1Hover{\rm{K}~2}} \cdot (-40~°\rm{C} - 25~°\rm{C})”"2 \right) \\
\end{align*}

Exercise E3 Pure Resistor Network Simplification
(written test, approx. 13 % of a 60-minute written test, WS2022)

ThéHelkwital shallibovitbe Rldsed 00 atiOlateddt 66uR:aR3-afistahOetRaf\antiis deitveen
BesH\gined. $\rm B$.

>olution
\begin{align*} R_{\rm eq} &= 133.8 ~\Omega \\ \end{align*}

Now a wye-delta transformation is necessary.
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Since $R_2=R_3$ and based on the equations for the transformation, the transformed
$R_Y$ is given as: \begin{align*} R_{Y} &= {{R_2\cdot R 2}\over{R 2 + R 2 +

R 2}} \\ &= {{(100 ~\Omega)~2}\over{3 \cdot 100 ~\Omega}} \\ &= {{1}\over{3}}
\cdot 100 ~\Omega = 33.33 ~\Omega \end{align*}

The equivalent resistor is given by a parallel configuration of resistors in series:
\begin{align*} R {\rmeq} &=R Y+ (RY+R 1+ R 1)[|(RY+R 2)\R {\rmeq} &=
33.33 ~\Omega + (33.33 ~\Omega + 400 ~\Omega)||(33.33 ~\Omega + 100
~\Omega)\\ \end{align*}

1. The switch shall now be open. Calculate the equivalent resistance $R_{\rm eq}$ between
$\rm A$ and $\rm B$.

Solution
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$3R

SSR_... OSSR §SRL.. |

The equivalent resistor is given by a parallel configuration of resistors in series:
\begin{align*} R {\rmeq} &= (R2+R 1+ R 1)[[(R 2+ R 2)\R {\rmeq} &= (100
~\Omega + 200 ~\Omega + 200 ~\Omega )&&||(100 ~\Omega + 100 ~\Omega ) &&\\
R_{\rm eq} &= (500 ~\Omega )&&]||(200 ~\Omega )&&\ R_{\rm eq} &= {{500

~\Omega \cdot 200 ~\Omega }\over{500 ~\Omega + 200 ~\Omega} } &&\\
\end{align*}

Exercise E4 Equivalent linear Source
(written test, approx. 14 % of a 60-minute written test, WS2022)

The circuit in the following has to be simplified.
Result

\begin{align*} U_{\rm s} &= U_{\rm AB} &&= 4.5 ~\rm{VI\\R_{\rm i} &= R _{\rm
AB} &&= 6 ~\Omega \end{align*}
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$$R_,

Calculated the internal resistance $R \rm i$ and the source voltage $U \rm s$ of an
equivalent linear voltage source on the connectors $\rm A$ and $\rm B$. \begin{align*}

R 1=5.0 ~\Omega, & U 2=6.0 ~\rm{V}, && R 3= 10 ~\Omega, \\ | 4=4.2 ~\rm{A}, &&
R 5=10 ~\Omega , & R _6=7.5 ~\Omega, \\ R_7=15 ~\Omega && && \end{align*} Use
equivalent sources in order to simplify the circuit!

Solution

The best thing is to re-think the wiring like rubber bands and adjust them:
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$$R_)

$$u_l,

The linear voltage source of $U_2$ and $R_1$ can be transformed into a current
source $1 2={{U 2}\over{R_1}}$ and $R 1$:
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Msi .. )
$$R_.|:| SR .. SR .

Now a lot of them can be combined. The resistors $R_1$, $R 3%, $R 5% are in parallel,
like also $1_2$ and $1_4$: \begin{align*} R_{135} &= R _1||R_3||IR 5\\| {24} &=1_2 -
| 4 = {{U 2}\over{R 1}} - I 4 \end{align*} The resulting circuit can again be
transformed:

€5nss
€555
£$ IJ-L $R_”l
$BS$
SR_.. L‘i .

Here, the $U_{24}$ is calculated by $I_f(24}$ as the following: \begin{align*} U_{24}
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&= R {135} \cdot | {24} \\ &= ({{U _2}\over{R 1}} -1 4)\cdot R_1||R 3||R_5
\end{align*}

On the right side of the last circuit, there is a voltage divider given by $R _{135}$,
$R 6%, and $R _7%.

Therefore the voltage between $A$ and $B$ is given as: \begin{align*} U_{\rm AB}
&= U {24} \cdot {{R_7}\over{R 6 + R 7 + R 1||R 3|[R 5}} \\ &=

({{U 2}\over{R 1}} -1 4)\cdot {{R 7 \cdot R 1||R_3||R 5}\over{R 6 + R 7 +
R_1||R_3[|R_5}} \\\end{align*}

For the internal resistance $R i$ the ideal voltage source is substituted by its
resistance ($=0\0mega$, so a short-circuit): \begin{align*} R_{\rm AB} &=R 7 || (
R_6 + R_1||R_3||R_5) \\ \end{align*}

with $R_1||R_3||R_5 =5 ~\Omega || 10 ~\Omega || 10 ~\Omega = 5 ~\Omega || 5
~\Omega = 2.5 ~\Omega$:

\begin{align*} U_{\rm AB} &= ({{6.0 ~\rm{V}}over{5.0 ~\Omega}} - 4.2 ~\Omega)
\cdot {{15 ~\Omega \cdot 2.5 ~\Omega}\over{7.5 ~\Omega + 15 ~\Omega + 2.5
~\Omega}} \\R_{\rm AB} &= 15 ~\Omegal| ( 7.5 ~\Omega + 2.5 ~\Omega) \\
\end{align*}

Exercise E5 Charging Capacitors
(written test, approx. 16 % of a 60-minute written test, WS2022)

Zh Bl a it G Heooiweditieobiody) disa thsdsidoaBeRi Gidle fii e mraomisiouse

Fiimia it 6 2 i p pen ] Ve voltage across the capacitor is again $0 ~\rm{V}$ at the
moment $t 0=0 ~\rm{s}$ when the switch $S 1$ is closed. Calculate the voltage $u_c (t 2)$
across the capacitor at $t 2=1 ~\rm{ms}$ after closina the switch.

RERURE <olve this, first create an equivalent linear voltage source from $U$, $R_1$, and
;R _\Ragiz{align*} Delta3l) R3ufvzs}weddbatoh {@aniddalign*}

>olutidgis{ atiy akhnDeltn YWh 6T hRdttadly Glta ge=s§fldadités {2y idestthd aditage of\ &=
sUERavard{\Médodépendent gifhix dedi¢ir ~\rm{V})~2 \end{align*}
On an alternative view, one can try to create an equivalent linear voltage source
again. Then, the internal resistance is given by substituting the ideal voltage source is
again short-circuiting $R_2$%.

$$5 .. $$5_..$5R ...
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"he circuit contains a voItaE@ soufte $U 12 ~\rm{V}$, a switch $S 1%, a resistor of $R 1=20

,\Omnn:tt sid a2 cs

"he switch $S_2$ toJanjadditional consur

3%= ~\rm{s}$ théSufech s5
~\rm{V}$.

\t the mo
oris $u c

ask
ap.

.. First do not consigler the light bulb -

ner $Ry 2$ will

e considered to be open for the first
isigfosed, the voltage across the

U

s not conpectdd to the RC circuit.

_aIcuIate the point of time $t 1$ when $u c(tl)=

>olution

.5\cdot U$.

r

(o)

So, here only R_]l and C gives l_

The following fo

RS\l

Whign*
Therep o

It .
Jtirr?e conptafft: §\tau = R_1 \cdot C$

[ula deccribeckhne time course of $u_C(t)$ which has to be $u_c
(t 1)=0.5\cdot U$: \begin{align*} u.ci(t) =
nd{align*} It has to be rearranged to $t$ \begin{align*

fﬂ&%&y@#@t"a%ammasowwx\ Rfiie

U \cdot (1- e~ {t\tau}) = 0.5\cdot U
(1- e~ {tN\tau}) &= 0.5\

ot s cnh gt S oo

ore, the voItage of the equivalent linear voltage source is: $U_s = U \cdot

{{R_\rm B}\over{R 1 + R \rm B}} = 1/2 \cdot U$ The internal resistance is given by
substituting the ideal voltage source with its resistance ($=0 ~\Omega$, short-circuit).
\begin{align*} R_i &= R 1 || R \rm B\\ &= 10 ~\Omega \end{align*}

\begin{align*} u_c (t 2) &= U_s\cdot (1- e™{t 2/(

R i\cdot C)}) \\ &= {{1}\over{2}}

\cdot U \cdot (1- e~ {1~\rm{ms}/(10 ~\Omega \cdot 100 ~\rm{uF})}) \end{align*}

Exercise E6 Analyzing complex Impedances
(written test, approx. 14 % of a 60-minute written test, WS2022)

3. dlalwidafigiti ptab eommipotesd esvaiivbaH oo} npidstadi b Bl tdwdmi-irk) &b thive tgio the
B@Etﬂbnents.($R$ and $\underline{X}_1$) shall be given.

Ahisrcanabysienthehtd || be idigrfensiaies foint bedima edan tealy lisecgtirae tech Nb agitig g Baaretin
hiveter|iGalfyate eédd fAMoved3-a{leh i} }1+5{\rm j} \right) \Omega \end{align*}

Solution

.. Clegiatatignbh¢skal 03 esrofithe eva (eligrdients.

MEXLE Wiki - https://wiki.mexle.te.hs-heilbronn.de/



2026/03/26 07:20 11/15 Exam Winter Semester 2022

solubegin{align*} Rukdedlve {YQkegh0\a7 &= 28 H\rkadrpHi} i\&=d {@Tid6°\end{align*}

\begin{align*} \underline{l} &= {{\underline{U}}\over{\underline{Z}}} \\ &= {{50
~\rm{V}Hover{ 0.24 ~\Omega + {\rm j} \cdot 4.68 ~\Omega }} \\ &= {{50
Fhenc{Vignoued Vb R4ge\Braég pHaderonike \duatdH8my@meage dhindd ot fplufe24al)
Yegmitdghisrpedeincedinedenifa0rotdd (hdkerid i f\omada -+ el \ddsiohes
T\Oreage KeralaiidHar aves i3 kbns (i \rantid A E modtimecbindidd) 42 1}
Prbliea i @do s NomiRsaees HSie \tepttedlevanifdd 6 \Ideweqaligmhnn ct= 5{\rm j}
rahtovaPnsgededevett(o- 24 x Q.32 \ea j§ (1 PoVarflokiegs) \cdomeaa \\&&0.24
The mewaiE{VAtEEok i bR e fut e RubhelRi: ReeaindrtitGHign ™}
[\underline{I}| &= {|{\underline{U}|N\over{|\underline{Z}|}} \\ &= {{50

Wit e ssuetex 024 copefetle-PHysied} et Alegioehieys XL be=qsga L\ L
Sxenf { M0 kowee{2ypt { qd02 4 1\ D e § X408 A@Beg@naeNi2in} }adwn@lign*}
~\rm{Hz}}} \\ \end{align*}

The phase $\varphi_i$ can be calculated as \begin{align*} \varphi_i &= \arctan \left(
{{\Im()N\over{\Re()}} \right) \\ &= \arctan \left( {{-4.68 ~\Omega}\over{0.24
~\Omega}} \right) \\ \end{align*}

Exercise E7 Impedances at different Frequencies
(written test, approx. 18 % of a 60-minute written test, WS2022)

Bak $IREs gheri ed adischoit watiidsd @ddhha etmid e, fuird en dE D Rehvbgpameitel of 33} 2+3.0
ResWItKs, itB %2 00=4Fon -zt kHahige nmatestaTarcanteplt DESO BR=bAG~\rm A$ through
$RAFgsistor $R_1$ shall have the same absolute value of the impedance as a capacitor

$C 1=40 ~{\rm nF}$ at $f 1=4 ~{\rm MHz}$.

solution
>olutieqin{align*} R_

00 ~\Omega \\ \end{align*}
solubegin{align*} R_

10.0 ~\Omega \\ \end{align*}

A series circuit means that the current is constant on every component.
The equivalent impedance for $R$ and $L.$ combined is given by \beain{align*}

Frahelefinse! ﬁw‘et aﬁﬁbema@ Q}E}gs&lwﬁam wrhﬂanﬁﬁea[f)q \&=R 2+

B abgse &é@@ﬁﬁ %ﬁ T R
NB@;B{ BelevesdhRieHpiHaa £ élké? ?%@fﬁ@éﬁﬁh}e nedta '9”*}
%Wuﬁaémaél{}ui?\“’o}ﬁéﬂ%\gﬁa@nﬁ@wp}}tqr%hﬂp‘ezlme{p&ipcﬂ (It has to, since $R_3$
suprI@endicuiario $tEem Jldedot {Iol3EHT aedht) ~2 &= {R 2}72 + {X_{L2}}"2
Wherrfpegigitvg resulting current of the parallel circuit is given as: \begin{align*}
\underline{I} {3} &= \underline{l} {3R} + \underline{l} {3C} \\
Noisceatirtee| frafBingede Jeintierzge {bpgiBR3[92 ) Ruh8erl\sgitit \IESTH U Wover{l
1 \A Q) 2= Ka{t{ 112 (BN &2 A4 { {BRY(| {23\ had Mighkoyer{60~\rm mA} }
\right)~2 - (2\pi \cdot 450~ {\rm kHz} \cdot 4.7 ~ {\rm pH})"2 } \\ \end{align*}
Back to the first formula: \begin{align*} R _3\cdot {I} {3R} &= {X} _{3C} \cdot
{I}_{3C} \R_3 &= {X}_{3C} \cdot {{{I}_{3C}Hover{{I}_{3R}}}\ &=
{{1}\over{2\pi \cdot f \cdot C_3}} \cdot {{\sqrt{|{I}_{3}|"2 -
[{1}_{3R}|~2}Nover{{I}_{3R}}} \\\end{align*}
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Exercise E8 Complex Impedance Circuit
(written test, approx. 15 % of a 60-minute written test, WS2022)

2. et liatiaes timeel ok e fcak e MEMJWQMHEQiM}B_ﬁ.WWBS
Qﬁéﬁlﬁpulhne@mdj{mmadmmlsmcMW( t) = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15 ~{\rm
KHpp3edot djpndfitiateintative fasisiaacd ofrifé Ot -d@mnegas.

$R|E‘q'iﬂ'3ar source is connected with an inductor of $330 ~ {\rm uH}$ and a capacitor of

’Glﬁlﬂon{\rm WF}$, all in series.
Result

_ DYRR@imEaHGAT X Hﬁd@%&d&\kﬁ%\@m&%@mﬂ% 48.2 ~\Omega \\ Z &= 19.8 ~\Omega

ab&ﬂ?%q{(ﬂﬂﬂﬂohent: voltages, and curren
\begin{align*} Z &= {{\Tiat{U}}\over{\hat{I}}} \\hat{I} &= {{\hat{U}}over{Z}} \\

\badifelaigi*} Z C &= {{1}\over{2\pi \cdot f\cdot C} }\\ &= {{1}\over{2\pi \cdot 15
xes{\rm kHz} \cdot 0.22 ~{\rm pF}}}\\ \end{align*}

Wegis! idrid) wyversarpl Xdddtededobaty &$: Rsioindadiv5™} \&FkHz} \cdot 0.22

L0 mever\serd 2aidnegot {{\hat{U} Nover{Z}} \\ &= {{1}over{\sqrt{2}} }\cdot

Yoy th gy 12 0\ Re{ 19128 ovEP2spR\cH O Yerraibe Ok &= {{1}\over{2\pi \cdot 15

~{\rm kHz} \cdot 330 ~{\rm puH}}}\ \end{align*}

\begin{align*} \underline{Z} &= R + \underline{Z} L + \underline{Z} C\\&=R +j

\rr~|n+ f71 I - | \rrlr\i' I71 C \\ £=R 1L |\rr|r\+ (f71 | f71 P\ \\ |\||nr|or||nof7l|  —

uuuuuuuu L=J| &<—

\sqrt{R"Z + \underlme{Z}_L \underlme{Z}_C ~2 }\\ \end{allgn*}
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